Temperature is an abiotic factor of particular concern for assessing the potential impacts of radionuclides on marine species. This is particularly true for tritium, which is discharged as tritiated water (HTO) in the process of cooling nuclear institutions. Additionally, with sea surface temperatures forecast to rise 0.5 -3.5
and rad51 indicated potential mechanisms behind this temperature-induced acceleration of genotoxicity, which may be the result of compromised defence. Specifically, genes involved in protein folding, DNA double strand break repair and cell cycle checkpoint control were upregulated after 3 d HTO exposure at 15
• C, but significantly downregulated when the same exposure occurred at 25
• C. This study is the first to investigate temperature effects on radiation-induced genotoxicity in an ecologically relevant marine invertebrate, Mytilus galloprovincialis. From an ecological perspective, our study suggests that mussels (or similar marine species) exposed to increased temperature and HTO may have a compromised ability to defend against genotoxic stress. as it had shown genotoxic effects in previous experiments (data not shown).
97
Mussels were exposed to these conditions for 7 d and fed every 72 h (i.e.
98
on day 0 and day 3) with live Isochrysis galbana (1.05 × 10 −5 cells ml −1 )
99
followed by a 100 % water change 2 h afterwards with complete replace- duration was based on previous work with mussels exposed to tritated water 
104
Water quality parameters during this experiment were measured daily 105 Table 3 : Genes and primers used for qPCR on mussels exposed to tritiated water and elevated temperature. Elongation factor 1 (ef1 )
Heat shock protein 90
Heat shock protein 70 sequence 1 (hsp70-1 )
Heat shock protein 70 sequence 2 (hsp70-2 )
Metallothionein 20 
203
In this study, which exposed mussels to 15 MBq L −1 HTO for 7d, woTACs However, the biological cause of these peaks is less obvious. with only partial acclimatisation at 25
• C (e.g. Theede, 1963; Bayne, 1976 ).
220
Such a decrease could explain the lower values for the 12 h timepoint for both 221 tDAC and tTAC in the digestive gland in particular ( Fig. 1 b, alter this enrichment, it seems unlikely that this would occur at 25 t indicates significant differences from the previous timepoint at the same temperature (p < 0.001).
Dose calculations

242
As expected given the woTAC data, there was significant variation in total (Table 6) . At 12 h,
248
exposure to HTO at 15
• C gave a dose 1.7 times higher than that at 25 • C.
249
In contrast, at 72 and 168 h total dose was respectively 1.2 and 1.1 times 250 higher at 25 • C. than at 15
• C -after 72 and 168 h (Fig. 2B ).
263
It is interesting that our 25
• C control mussel haemocytes showed no 
267
It is, however, important to note that this was after exposure to 32
than that used here. In fact, mussels at 28
• C in the earlier study showed 269 much less induction of DNA strand breaks.
270
In terms of the interaction between elevated temperature and contam- teresting to assess the same endpoints in M. edulis exposed to tritium and elevated temperature, as this closely related species is less thermally tolerant
282
(Bayne, 1973). Any species-specific differences would be especially interest-
283
ing as although the current mussels have been verified as M. galloprovincialis 
290
This is the first description of a significant relationship between DNA 291 strand breaks and rad51 expression in mussels, although a similar trend was and ef1 (C q variability: 18.95 ± 0.80) was used as a single normalising gene.
320
For 15
• C exposure to both Cu and HTO, expression patterns were very 321 similar between 1 and 12 h, before diverging at 72 h (Fig. 3 b, d ). For however, important to remember that comparisons of these two studies are difficult, as the total doses varied approximately 2.5-fold (with concomitant 357 differences in dose rate) and different radionuclides were used. Interestingly,
358
it has been reported that temperature was inversely correlated with expres-
359
sion of genes such as hsp70, hsp90 and MT in mussels sampled from the difference results in a considerably more stressful environment for mussels.
371
Despite the difference in outcome, use of selective inhibitors to potentially 372 link hsp70 and mt20 expression during HTO exposure with p38-MAPK or
373
JNKs (as in hyperthermic mussels; Gourgou et al. 2010), might be interesting 374 from a mechanistic point of view.
375
The data reported here indicate differential transcription of the two hsp70 376 sequences, suggesting that they belong to different isoforms of this gene.
377
Significant upregulation of hsp70-1 was observed after only 1 h in two of galloprovincialis sequence of the p63/73 family (see Table 3 for details) and 392 were designed to quantify total p53 -like expression (Dondero et al., 2006b). 
399
In general, the temperature-dependent difference between expression pro-400 files for HTO-exposed mussel gill at 72 h suggests that downregulation of key 401 protective genes could be one explanation for the earlier genotoxicity of HTO
402
at 25
• C. Downregulation of these genes has been reported in conjuction with
403
DNA damage before (e.g. p53 in mussels exposed to benzo(a)pyrene [Banni 
405
There is, of course, the potential that the lack of resolution in our sampling 406 schedule (i.e. a gap of 60 h) has obscured an earlier response by these genes.
407
For example, Tedengren et al. (1999) have reported that mussels pre-exposed 408 to elevated temperature showed increased resilience to Cd toxicity as a result 409 of more rapid synthesis of stress-induced cytoprotective proteins (e.g. HSPs).
410
However, our mussels had concurrent exposure to heat and HTO, with no 411 pre-treatment, so this effect is unlikely. Tissue-specific expression of p53 and ras genes in response to the envi-578 ronmental genotoxicant benzo()pyrene in marine mussels. Environmental 
